
CAE 464/517 HVAC Systems Design 
Spring 2023

January 31, 2023
Heating and cooling loads calculations 

Dr. Mohammad Heidarinejad, Ph.D., P.E.
Civil, Architectural and Environmental Engineering

Illinois Institute of Technology
muh182@iit.edu

Advancing energy, environmental, and
sustainability research within the built environment

www.built-envi.com

mailto:muh182@iit.edu
http://www.built-envi.com


ANNOUNCEMENTS
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Announcements
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• Homework 1 is graded, and the solution is posted

• Homework 2 is due tonight 

• Homework 3 will be posted on Thursday

• The project will be distributed soon (working on the Revit 
model)

• Did you watch the recording and see the slides for the 
OpenStudio training? 
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• Start thinking about your group for the project



RECAP
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Recap

• Winter design conditions:
q Use ASHRAE Design Data from the Fundamentals Handbook 

q The 99.6% and 99% indicate the risk level desired

q When 99% is selected, it means the outdoor temperatures have 
been equaled or exceeded by 99% of the total number of hours in a 
year (8760 hours):

§ 99.6% (0.4%) ~ 35 hours
§ 99.0% (1.0%) ~ 88 hours
§ 98.0 (2.0%) ~ 175 hours
§ 95.0 (5.0%) ~ 438 hours
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Recap

• Let’s look at Chapter 14:

7
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Recap

• Summer design conditions
q DB is dry-bulb temperature 

q MWB is the mean-coincident-wet-bulb temperature

q The 0.4%, 1% and 2% mean the percentile of the total hours may not 
meet indoor design conditions
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Recap

• Sizing HVAC systems is among one of important 
reasons for heating and cooling load calculations: 
q Size for the worst peak load condition (When that would be in 

summer and winter?)

q Avoid running the system part-load (What does it mean?)

q Consider realistic sizing factors (What’s the current practice?)
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Recap
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• Heating Loads: 
q Simple

q Steady-state

q Solar radiation is ignored

q No effect of thermal mass or heat gain 

• Cooling Loads: 
q Complex (require separating the convective and radiative from the 

loads)

q Time-dependent (usually 24 hours)

q Solar radiation is considered 

q Effects of internal heat gains and thermal mass are important 



Recap
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• Five main heat and mass processes are important for the 
heating and cooling load calculations:
1. Transmission (e.g., walls, floor, roof, windows)

2. Solar Heat Gain (e.g., walls, windows)

3. Infiltration (e.g., through window frame, door openings)

4. Internal heat gain (e.g., lights, people, equipment)

5. Ventilation (e.g., mechanical systems)



HEATING LOAD CALCULATIONS
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(Please, see Chapters 17 and 18 for additional information)



Heating Load Calculations
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• For the heating load calculations:

q Assume outdoor temperature is lower than the conditioned space 
temperature

q Do not consider any credits for the impacts of solar, internal heat 
gains, or building thermal mass

q Thermal bridging has impact on the heating loads than the cooling 
loads



Heating Load Calculations
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• Imagine a commercial retail store at night nighttime:

q Temperature setbacks are in place

q Lights and internal gains are off

q Heat flux is only due to conduction and infiltration



Heating Load Calculation
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• Consider the following heat loads:
§ Transmission
§ Infiltration
§ Ventilation



Heating Load Calculation
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• Consider the following heat loads:
§ Transmission

𝑞! = 𝑈𝐴Δ𝑇"#$%&''

𝑅("( =
1
𝑈𝐴



Heating Load Calculation
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• Consider the following heat loads:
q Infiltration

§ An unintentional air through building envelops
§ There are databases of values for the infiltration values

(See Figure 10 – Chapter 16)



Heating Load Calculations
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• The recommended steps are:

q Select outdoor design condition criteria and numbers

q Select indoor conditioned space temperature 

q Estimate temperature in any adjacent unheated spaces 

q Identify transmission coefficients and compute conduction heat 
losses to exterior 

q Consider infiltration load 



Heating Load Calculations
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• Consider the following heat loads for exterior surfaces 
above grade:

𝑄 = 𝑈𝐴Δ𝑡 = 𝐴×𝐻𝐹

𝑅("( =
1
𝑈𝐴

𝐻𝐹 is the heating load factor in Btu/h-ft2



Heating Load Calculations
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• How do you account for 𝐴, Δ𝑇"#$%&'' and 𝑈?

q Exterior surface above grade
q Below grade surface
q At grade surface
q Surface adjacent to unconditioned spaces 

𝐻𝐹 = 𝑈Δ𝑇"#$%&''

• Define heating load factor:



Heating Load Calculations
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• The recommended steps are:

q Select outdoor design condition criteria and numbers

q Select indoor conditioned space temperature 

q Estimate temperature in any adjacent unheated spaces 

q Identify transmission coefficients and compute conduction heat losses 
to exterior 

q Calculate infiltration and other outdoor air

q Sum the losses



Heating Load Calculations
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• See Section 9 of Chapter 18 for the three examples:

q Single room example

q Single room example peak heating load

q Whole building example



RSTM (RADIANT TIME SERIES 
METHOD)
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RSTM
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• Radiant Time Series Method (RTSM) is a simplified method 
for the calculation of cooling loads with these assumptions:

q Calculation Period: Consider only a single day (ignore the stored 
energy)

q Exterior Surface Heat Balance: Assume the sol-air temperature to 
account for solar irradiance and convection

q Interior Surface Heat Balance and Room Temperature: Consider the 
delay radiative fractions



RSTM
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• Separate sensible and latent components of the loads for 
cooling load calculations:
q Sensible heat is directly added to the conditioned space(s) by 

conduction or radiation

q Latent heat gain occurs when moisture is added

q Designs may be influenced by sensible/latent loads or both

q In a space with sensible-load-driven, the cooling supply air has 
surplus capacity to dehumidify

q In a space with latent-load-driven, calculating the supply airflow 
using sensible load does not meet the dehumidification needed 
(needs subcooling, reheat, or other means)



COOLING LOAD CALCULATIONS
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Cooling Load Calculation

27

• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

CTS

RTF



Cooling Load Calculation
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• Space heat gain is the instantaneous rate of heat transfer in 
the space

• Main components to consider are:

1. Internal (e.g., Interior lights, appliance and equipment)

2. External (e.g., walls, roof)

3. Infiltration

4. Systems (e.g., ventilation, fan heat)



COOLING LOAD CALCULATIONS DUE 
TO LIGHTING

29



Internal Loads (Lighting)
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

RTF



Internal Loads (Lighting)
• The portion of the heat emitting from lights which are in the 

form of radiant energy is not an instantaneous load:

q Does not immediately affect the load on air-conditioning systems

q The radiant energy is first absorbed by surfaces and increase their 
temperatures

q Once the temperature of these objects rises above the air 
temperature, heat is released from the surfaces and becomes a 
cooling load (Similar to the long-wave radiation)
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Internal Loads (Lighting)
• Method 1: Cooling load due to instantaneous sensible heat 

gain from electric lighting are calculated as: 

𝑞$' = 3.41𝑊×𝐹+'×𝐹,&

q 𝑞!": Heat gain [Btu/h]
q W:  Total light wattage [W]
q 𝐹#": Lighting use factor 
q 𝐹$%: Lighting special allowance factor 
q 3.41: Conversation factor
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Internal Loads (Lighting)
• Method 2: Lighting power density

33
(Please, see Chapters 178 - Table 2)



Internal Loads (Lighting)

34(ASHRAE 90.1 2019)



Internal Loads (Lighting)
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Internal Loads (Lighting)
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EnergyPlus. Input/Output Reference



Internal Loads (Lighting)
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COOLING LOAD CALCULATIONS DUE 
TO PEOPLE

38



Internal Loads (People)
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

RTF



Internal Loads (People)
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(Please, see Chapters 18 – Table 1 or Chapter 9)

Can we calculate the fraction of radiative to convective?



COOLING LOAD CALCULATIONS DUE 
TO APPLIANCE
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Internal Loads (Appliance)
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

RTF



Internal Loads (Appliance)
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(Please, see Chapters 17 – Table 1 or Chapter 9)



COOLING LOAD CALCULATIONS DUE 
TO INFILTRATION 
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Infiltration and Outdoor Air Load
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

RTF



Infiltration and Outdoor Air Load
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• Common practice to use Air Changes Rate per Hour 
(ACH)

• One common practice is to estimate ACH for winter 
heating conditions and use the half value for summer

(Please, see Chapters 16 and Chapter 17)



Infiltration and Outdoor Air Load
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𝑞& = �̇�Δℎ

q 𝐶': Total air heat factor in Btu/hr-cfm per Btu/lb (See Table 8)
q 𝑄$: The airflow rate

• Total heat is equal to:

𝑞& = 𝐶&×𝑄$×Δℎ

(60
𝑚𝑖𝑛
ℎ
)(0.075

𝑙𝑏!"
𝑓𝑡#

)×𝑄$×Δℎ = 4.5𝑄$×Δℎ



Infiltration and Outdoor Air Load
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𝑞$ = 60
𝑚𝑖𝑛
ℎ

0.075
𝑙𝑏(%
𝑓𝑡)

× 0.24 + 0.45𝑊 ×𝑄$×Δ𝑡

q 0.24: Specific heat of dry air [Btu/lb-F]
q W: Humidity ratio [lbw/lbda]
q 0.45: Specific heat of water vapor [Btu/lb-F]

• Sensible heat is equal to:

𝑞$ = 1.1×𝑄$×Δ𝑡 = 𝐶$×𝑄$×Δ𝑡

q 𝐶*: The air sensible heat factor (1.1 Btu/hr-cfm-F)



Infiltration and Outdoor Air Load
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𝑞" = 60
𝑚𝑖𝑛
ℎ

0.075
𝑙𝑏(%
𝑓𝑡)

× 1076
𝐵𝑡𝑢
ℎ𝑟

×𝑄$×ΔW

q 1076 Btu/lb is the approximate heat content of 50% RH vapor at 
75 F less than heat content of water at 50 F

• Latent heat is equal to:

𝑞" = 4840×𝑄$×Δ𝑊 = 𝐶"×𝑄$×ΔW

q 𝐶+: The air latent heat factor (4840 Btu/hr-cfm)



COOLING LOAD CALCULATIONS DUE 
TO ENCLOSURE
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CTS
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

CTS

RTF



CTS
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𝑞A =3
BCD

EF

𝑐B𝑈𝐴(𝑡,"'G&H%,AGBJ − 𝑡%K)

q 𝑞,: Hourly conductive heat gain 𝐵𝑡𝑢/ℎ

q 𝑈: Overall heat transfer coefficient for the surface -&#
..0&!. 1

q 𝐴: Surface area 𝑓𝑡2

q 𝑐3: j-th conduction time series factor      

q 𝑡*4+5678,,53: : Sol-air temperature °F

q 𝑡;<: Presumed constant room temperature
q 𝜃 ∶ The current hour
q 𝛿: The time step (one hour)



CTS

53

𝑞, =H
3=>

2)

𝑐3𝑈𝐴(𝑡!,,53: − 𝑡;<)

• For example, at 1 pm (13), we write:

𝑞?) = ∑3=>2) 𝑐3𝑈𝐴(𝑡!,?)53: − 𝑡;<) = 𝑈𝐴 ×∑3=>2) 𝑐3 ×(𝑡!,?)53: − 𝑡;<)

= 𝑈𝐴 ×[𝑐% 𝑡$&'(")*,,# − 𝑡*- + 𝑐, 𝑡$&'(")*,,. − 𝑡*- + 𝑐. 𝑡$&'(")*,,, − 𝑡*- +⋯

… + 𝑐.# 𝑡$&'(")*,,/ − 𝑡*- ]



CTS
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• Define the sol-air temperature as a proxy for the outdoor 
surface temperature:

𝑡$@"5%A; = 𝑡@ +
𝛼𝐸&
ℎ@

−
𝜖Δ𝑅
ℎ>

§ For horizontal surfaces:
q Δ𝑅 = 20 012

3.51!

q If ε = 1 and ℎ&= 3.0 012
3.51!6

the long-wave correction term is about 7°F

𝑞
𝐴
= 𝛼𝐸& + ℎ@ 𝑡@ − 𝑡$ − 𝜖Δ𝑅



CTS
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• CTSFs for the very light wall are:
q Very large for the first few hours 

q Nearly zero for the remaining hours

q Little stored energy capacity

• Heavier walls have:
q Smaller values for the first few hours 

q Remain non-zero for many hours

q Long delay for heavy walls 



CTS
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• Comparison between different wall assemblies:



CTS
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• Insulation has limited impacts on CTSs



CTS
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CTS
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COOLING LOAD CALCULATIONS DUE 
TO RADIANT HEAT TRANSFER
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RTF
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

CTS

RTF



RTF
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𝑄A = 𝑟D𝑞A + 𝑟U𝑞AGJ + 𝑟E𝑞AGEJ + … .+𝑟EF𝑞AGEFJ

q 𝑄, : Cooling load for the current hour 𝜃
q 𝑞, : Heat gain for the current hour
q 𝑞,5B: : Heat gain n hours ago 
q 𝑟>, 𝑟?, …: RTFs 



RTF
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

CTS

RTF



RTF
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RTF
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COOLING LOAD CALCULATIONS DUE TO 
FENESTRATION (ONLY FOR INTERESTED 
STUDENTS)
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Fenestration
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function

Infiltration 
Gains

Internal 
Gains

Split all heat gains to radiant and convective portions

Apply RTS to 
Find Radiant 

Gains

Sum 
Convective 

Gains
Hourly 
Cooling 
Loads

Conduction 
Gains

Solar Gains

RTF



Fenestration
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• Contribution of fenestration glazing systems

q Solar Heat Gain Coefficient (SHGC) is the fraction of incident 
solar radiation coming to the space through instantaneous 
transmission or absorption

q Vary between 0 to 1

q SGHC is needed to calculate heat gain 

𝑄 = 𝑈𝐴VW 𝑡"+( − 𝑡HX + 𝑆𝐺𝐻𝐶×𝐴VW𝐸(

§ 𝑄: Instantaneous energy [Btu/hr]
§ 𝑈: Overall coefficient of heat transfer (U-Factor) [Btu/h-ft2-F]
§ 𝐴75: Total projected area of fenestration [ft2]
§ 𝐸1 : Incident total irradiance [Btu/hr-ft2]



Fenestration
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• For the fenestration assembly consider center of the glass 
(cg), edge of the glass (eg), and frame (f):

𝑈 =
𝑈<C𝐴<C + 𝑈!C𝐴!C + 𝑈0𝐴0

𝐴D0

𝑈$)89': 9'";)89,-9 =
1

1
ℎ&
+ 1
ℎ)
+ 𝐿
𝑘

• U value for the center of the glass:



Fenestration
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Fenestration
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𝑞] = 𝐴×𝐸(,]×𝑆𝐻𝐺𝐶 𝜃 𝐼𝐴𝐶(𝜃, Ω)

q A: Area of the window (ft2)
q 𝐸&,E: Beam irradiance calculated using equations in Chapter 14
q 𝑆𝐻𝐺𝐶 𝜃 : Beam solar heat gain coefficient as a function of incident 

angle 𝜃 (values in Table 10 of Chapter 15)

q 𝐼𝐴𝐶(𝜃, Ω): Indoor solar attenuation coefficient for diffuse solar heat gain 
coefficient (1.0 if there is no indoor shading device)

• Direct beam solar heat gain (𝑞]):



Fenestration
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𝑞_ = 𝐴×(𝐸(,_+𝐸(,%)×< 𝑆𝐻𝐺𝐶 >`×𝐼𝐴𝐶`

q A: Area of the window (ft2)

q 𝐸&,( : Sky diffuse irradiance using equations in Chapter 14
q 𝐸&,; : Ground-reflected diffuse irradiance using equations in Chapter 14
q < 𝑆𝐻𝐺𝐶 >F: Diffuse solar heat gain coefficient (Table 10 of Chapter 15)
q 𝐼𝐴𝐶(𝜃, Ω): Indoor solar attenuation coefficient for diffuse solar heat gain 

coefficient (1.0 if there is no indoor shading device)

• Diffuse solar heat gain (𝑞_):



Fenestration
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𝑞K = 𝑈𝐴 𝑇"+( − 𝑇HX

q A: Area of the window (ft2)
q 𝑈: Overall U-factor including frame and mounting orientation 

(Table 4 of Chapter 15, Btu/h·ft2·°F) 
q 𝑇@#&:Outdoor temperature (°F)
q 𝑇AB: Indoor temperature (°F)

• Conductive solar heat gain (𝑞K):


